Abstract
ecological status in the stream. In contrast, the evaluation by the novel SPEAR pesticides 23 index and TU indicated that the site is far from obtaining good ecological status -a 24 direct contradiction to the ecological index currently in use in Denmark today -most 25 likely due to stream sediment-bound pesticides arising from the spring spraying season.
26
In order to generalise the findings of this case study, the HQ index and AQUATOX
27
were extended for additional compounds, partly to identify potential compounds of 28 concern, but also to determine thresholds where ecological impacts could be expected to 29 occur. The results demonstrate that some commonly used methods for the assessment of is essential to obtain a better understanding of human impacts on, and the connections 42 between these two systems and the roles they play in maintaining water quality. Society 43 is becoming increasingly dependent on groundwater for meeting its industrial, 44 agricultural and domestic water needs, and anthropogenic impacts due to the release of 45 xenobiotic organic contaminants and intensive use of agricultural chemicals has led to 46 the degradation of this resource (Hose, 2005) . To address this, the EU Water , it is our opinion that these are still few and far between.
87
Indeed, the U.S. clean water initiative of the 1990s gave a mandate for the 88 restoration of 1000 watersheds; but the failure rate of those projects may be as high as 89 60%, partly because they have not been based on a sound understanding of 90 geomorphological and ecological processes (Pelley, 2000) . Since predictive modelling 91 assessments are based on changes in taxonomic composition, or deviations from
92
"control" conditions, they may function as both early warning and compliance
93
indicators (Norris and Hawkins, 2000) . Moreover, it has long been recognized that a 94 monitoring program should include a mechanism for determining the cause of 95 noncompliance, and that not all diagnostic information needs to be gathered in situ 96 especially at the stage of diagnosis (Cairns and McCormick, 1992) . It is our belief that 97 coupling "top-down" approaches (i.e. biological monitoring) with "bottom-up" 98 strategies, such as predictive modelling techniques, can be especially useful in 99 supporting early decisions on prioritising hot spots in time and space, and can ultimately 100 serve to identify gaps and motivate future field work The physical habitat quality at each sampling site was assessed using the Danish
153
Habitat Quality Index (DHQI) (Pedersen et al., 2006 
203
The event-triggered water sampler was deployed at sites 1 and 3 in 2010 and again
204
at site 3 in 2011 (Fig. 1) , and water samples were analysed for a broad selection of the 205 most commonly applied herbicides, and for a series of banned herbicides most 206 commonly found in groundwater (Table 3) 
212
Rising water level triggered sampling, where the bottles were then filled passively 213 through small (0.5 cm diameter) plastic tubes emerging from the bottle top.
214
The bottles were retrieved within 24 hours after each heavy precipitation event and Time-integrated sampling of the bed sediment was conducted using a suspended should be forest or (wet or dry) meadows and (4) the streams must have at least a good 251 ecological status according to the DSFI score (see also section 2.7.1).
252
Six streams fulfilled these criteria, and available data from the NOVANA database storm-flow water samples were tested using t-tests.
294
In order to compare the potential toxicity of the pesticides that were sorbed to the 295 sediment with the log summed TU for water samples, the log summed TU for the where n is the number of taxa, x j is the abundance of the taxon j, and y is equal to 1 if 321 taxon j is classified as "at risk", otherwise 0 (Beketov et al., 2009 The model was calibrated to the 10-year average stream discharge data (1995- (Fig. 2) , and (Table 3) .
516
However, application of the SPEAR pesticides index resulted in values ranging from and HQ for the pesticides detected in the storm-flow samples.
527
The results of the SPEAR pesticide index corroborate, however, the results found in the 528 sediment sampler. Six pesticides were detected in the sediment sampled during May-
529
June in 2011 (Table 3) ; one herbicide, one fungicide and four insecticides. Both the 530 fungicide hexachlorobenzene and the insecticide HCH-gamma (lindane) are EU priority 531 pollutants. The pesticides that were detected with the suspended sediment sampler have 532 moderate to highly lipophilic physicochemical properties suggesting that they were 533 sorbed to organic particles (Liess et al., 1996) and transported from adjacent fields,
534
either along preferential fracture flow paths or drainage systems during heavy rain falls.
535
The lipophilic nature of the pesticides, in conjunction with the low half-lives associated 
TCE model results

567
The application of the AQUATOX model in this section is undertaken to improve the consistently had an elevated value during the summer months. This was only slight for 578 the adult species (ca. 7 L kg -1 , Fig. 3a ), but was quite large for the juvenile species
579
(maximum of ca. 240 L kg -1 , only depicted in Fig. 3a) , corresponding to the elevated 580 TCE concentration in stream water.
581
In contrast, the modelled sediment feeder Chironomid had an elevated BAF during species. However, the overall conclusions are similar to those of the earlier work.
588
Notably, the sensitivity analysis revealed that stream discharge was found to be the 589 factor most limiting the modelled biomass concentration for all species -pointing to the 590 importance of hydromorphology in the obtainment of good ecological status (see also Appendix D for more specific details).
592
Figure 3 
Threshold findings for TCE
594
The simulated base-case chemical loading (using the point-source loading option to ecosystem. Figure 4 presents the stream discharge and predicted biomass pattern for two 600 species -chironomid (Fig. 4a) and stonefly (Fig. 4b) Brown trout (Table 4) . With respect to TCE, the "loading threshold" for all organisms 619 ranged from 55 -550 kg yr -1 , which is well above the actual site-specific loading 620 determined for the site. However, PCE and naphthalene produced lower "loading 621 threshold ranges" than TCE for at least one modelled organism. It is interesting to note 622 that, in general, the thresholds determined for benzene, TCE, naphthalene and PCE
623
corresponded to typical contaminant mass discharge ranges that could be expected at 624 contaminated sites leaching into groundwater (ITRC, 2010).
625
The results for the "biomass perturbation concentrations" are given in Table 4 . or below values actually measured in surface water.
633 Table 4 634 For comparison purposes, 
